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Description 

Technical Field 

[0001] The present invention relates to a method of 
growing a gallium nitride rotated compound semicon- 
ductor crystal (I nyGayAl^y.^N, x £ 0, y > 0, x + y S 1 ), 
and more particularly, to a method of growing a gallium 
nitride related compound semiconductor crystal suitable 
for blue light emitting materials and excellent in crystal- 
linity, and a gallium nitride related compound semicon- 
ductor device. 

Background Art 

[0002] Recently, notice is focused on gallium nitride 
related compound semiconductors as blue light emitting 
materials. 

[0003] In the case where gallium nitride related com- 
pound semiconductor crystal is grown on a sapphire (a- 
Al^a) substrate, there are many cases in which the gal- 
lium nitride related compound semiconductor crystal 
with the (0001) plane is grown on the (0001) plane ot 
the sapphire. In this case, the lattice mismatch is up to 
16% and, therefore, it was impossible to grow a gallium 
nitride related compound semiconductor crystal with 
good quality. 

[0004] For this reason, in order to solve the problem, 
the following two methods were proposed as a method 
of growing a gallium nitride related compound semicon- 
ductor crystal: 

(1) A method in which single crystalline sapphire is 
used as a substrate, and a buffer layer is first grown 
for the purpose of relaxation of lattice mismatching 
between the sapphire substrate and the gallium ni- 
tride related compound semiconductor crystal, and 
then the gallium nitride related compound semicon- 
ductor crystal is grown; and 

(2) A method in which a single crystal matching to 
gallium nitride related compound semiconductor in 
the crystal structure and lattice constant as close as 
possible, is used as a substrate. 

[0005] As the first method are known a method (Jap- 
anese Patent Application Publication (Examined) No. 
Tokuko-Sho 59-48794) in which an AIN buffer layer is 
used and a method (Japanese Patent Application Pub- 
lication (LaidOpen) No. Tokukai-Hei 4-297023) in which 
a GaAIN buffer layer is used. 
[0006] Certainly, by introducing these buffer layers, 
the crystallinity and surface morphology of the gallium 
nitride related compound semiconductor crystai is im- 
proved to some extent. However, since the gallium ni- 
tride related compound semiconductor crystal inevitably 

. has the lattice mismatching to the sapphire substrate, 
the crystai is still in the distorted state. For this reason, 

. in the case of using such crystal to produce a light emit- 



ting device, there is a problem that significant improve- 
ment in brightness cannot be obtained and the lifetime 
is short. 

[0007] In the second method, there are known a meth- 

s od (Japanese Patent Application Publication (Laid- 
open) No. Tokukai-Sho 49-3899) in which aluminium 
garnet (ReA^lp^) or gallium garnet (ReAl2Ga 3 O l2 ) 
is used as a substrate, and a method (Japanese Patent 
. Application Publication (Laid-Open) No. Tokukai-Hei 

to 4-209577) in which MnO, ZnO, MgO, CaO etc. are used 
as a substrate. However, for aluminium garnet or gallium 
garnet whose lattice constant falls in a range of 12.00 
to 12.57 A, the lattice distance of (111) plane only cor- 
responds to the fifth times a axis of GaN and therefore 

'5 the lattice matching is not necessarily good. 

[6008] Further, although the lattice matching is good 
in MnO, ZnO, MgO, CaO, etc., these oxides are weak 
in heat. Accordingly, in the case of growing gallium ni- 
tride related compound semiconductor crystal, which is 

so required to grow at high temperature of about 1 000 'C, 
there is a problem that the substrate is subjected to ther- 
mal decomposition and a gallium nitride related com- 
pound semiconductor crystal layer with good quality 
cannot be obtained. 

Disclosure of the Invention 

[0009] The present invention is made to sotve such 
problems and an object of the present invention is to 

so provide a method of growing a gallium nitride related 
compound semiconductor crystai with high quality suit- 
able for blue light emitting material and gallium nitride 
related compound semiconductor device by using a sin- 
gle crystal substrate with relatively good lattice matching 

35 to the gallium nitride related compound semiconductor 
crystal and stable under the growing condition of the gal- 
lium nitride related compound semiconductor crystal. 
[0010] The inventors reached the present invention 
after finding that rare earth 1 3 (3B) group perovskites 

to among which is rare earth gallium perovskite (ReGaC^: 
Re is a rare earth element), are extremely superior for 
the growth of the gallium nitride related compound sem- 
iconductor crystal. 
. [0011] That is, the present invention provides a meth- 

<s od of growing a gallium nitride related compound sem- 
iconductor crystal on a single crystal substrate which 
method is characterized in that the (011) plane or the 
{101} plane of rare earth 13 (3B) group perovskite is 
used as the single crystal substrate. 

so [0012] Further, the present invention provides a gal- 
lium nitride related compound semiconductor device 
comprising a gallium nitride related compound semicon- 
ductor crystal grown on the {011} plane or the (101) 
plane of a rare earth 1 3 (3B) group perovskite single 

ss crystal substrate containing one or more rare earth ele- 
ments. 

[001 3] The rare earth 1 3 (3B) group perovskite pref- 
- erabfy includes at least one of aluminium, gallium and 
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indium as the 1 3 (3B) group and one or more rare earth 
elements. 

[001 4] Note that the (01 1 } plane and the { 1 01 } plane 
represent equivalent planes to the (011) plane and the 
(101) plane, respective ly. 

[001 S] Generally, rare earth 1 3 (3B) group perovskite 
has a high melting point and is stable at the temperature 
of about 1 000 °C at which a gallium nitride related com- 
pound semiconductor crystal is grown and is chemically 
stable against source gas such as HCI and NH 3 . Further, 
it has good lattice matching to a gallium nitride related 
compound semiconductor crystal as described later. 
[001 6] Fig. 1 shows the configuration of 1 3 (3B) group 
atoms in the (01 1 ) plane or the (101) plane of orthorhom- 
bic rare earth 13 (3B) group perovskite crystals. 
[0017] The lattice distance shown by a dotted line in 
Fig. 1 is equal to the length of a axis in the (011) plane 
and equal to the length of b axis in the (1 01 ) plane. The 
lattice distance shown by a sofid line is approximately 
equal to half the square root of the sum of respective 
squares of the lengths of a, b and c axes. In the rare 
earth 13 (3B) group perovskites, the length of a axis is 
approximately equal to that of b axis and the length of c 
axis is approximately equal to haff the square root of the 
sum of respective squares of the lengths of a and b axes. 
Therefore, in the (011) plane or the (101) plane of the 
rare earth 1 3 (3B) group perovskite crystals, the 1 3 (3B) 
group atoms are configured substantially in a state of 
hexagonal lattice, as shown in Fig. 1 . 
[0018] Next, Fig. 2 shows the configuration of Ga at- 
oms in the (0001) plane of GaN. The lattice distance 
shown by a dotted line is 3 1/2 times the length of a axis 
and the lattice distance shown by a solid line is equal to 
the length of a axis. 

[001 9] Fig. 3 is a diagram showing a correspondence 
relation of the atomic configuration in the (01 1 ) plane or 
the (101) plane of rare earth gallium perovskite crystal 
when Nd is chosen as a rare earth element and the 
atomic configuration in the (0001) plane of GaN. In the 
figure, an open circle (O) shows the atomic configuration 
in the (01 1 ) plane or the (1 01 ) plane of rare earth gallium 
perovskite crystal and a filled circle (•) shows the atom- 
ic configuration of Ga or N in the (0001 ) plane of GaN. 
[0020] From Fig. 3, it could be understood that the lat- 
tice matching can be obtained if 3 1/2 times the length of 
a axis of GaN is approximately equal to either hatf the 
square root of the sum of respective squares of the 
lengths of a, b and c axes, the length of a axis, or the 
length of b axis, of rare earth gallium perovskite. 
[0021] In the case of the rare earth gallium perovskite 
crystals, the lattice mismatch to GaN is within a range 
of 0.1 % to 6.1 %, which is considerably small compared 
to 16 % of sapphire. Specifically, in the case of LaGa0 3 , 
PrGa0 3 , and NdGaO^ the mismatch is in a range of 0. 1 
to 1.8%. 

[0022] In the case of rare earth aluminium perovskite 
crystals, the mismatch is in a range of 3.6 to 8.3 %. 
[0023] Further, in the case of rare earth indium per- 



ovskite crystals, while the lattice mismatch to GaN be- 
comes larger, in the case of Ndln0 3 , an approximate 
lattice matching to lno 4 Gao 6 N is included. Use of 
NdlnO a is advantageous for growing the mixed crystals 

5 of InN and GaN. 

[0024] Since the uppermost surface layer of the sub- 
strate consists of 13 (3B) group elements in the {011} 
plane or the {101 } plane of the rare earth 13 (3B) group 
perovskite crystal, it could- be considered that gallium 

to nitride related compound semiconductor crystal con- 
taining the same type of elements is readily grown com- 
pared to the case where a substrate of sapphire in which 
the same type of elements are not contained is used. 

is Brief Description of Drawings 

[0025] 

Fig. 1 is a configuration diagram of 13 (3B) group 
so atoms in the (011) plane or the (101) plane of rare 
earth 13 (3B) group perovskite; 
Fig. 2 is a configuration diagram of Ga atoms in the 
(0001) plane of GaN: and 
Fig. 3 is a diagram showing a correspondence re- 
zs lation between the atomic configuration in the (01 1 )• 
plane or the (101) plane of rare earth gallium per- 
ovskite and the atomic configuration in the (0001) 
plane of GaN. 

so Best Mode for Carrying Out the Invention 

[0026] Embodiments in which a gallium nitride related 
compound semiconductor crystal is grown on the (101) 
. plane of single crystal substrates of NdGaOj as rare 
3$ earth gallium perovskite will be described. 

(EMBODIMENT 1) 

[0027] Single crystalline NdGa0 3 (101) substrates 
40 with 350 urn in thickness were set in a MOCVD appara- 
tus, after rinsing with organic solvent. After the substrate 
was heated to clean the surface with flowing mixture gas 
of hydrogen and nitrogen, at 1050 *C (substrate tem- 
perature), a GaN film was grown lor 60 min by adding 
45 ammonia gas and trimethyl gallium to the mixture gas 
of hydrogen and nitrogen. 

[0028] The obtained GaN film had the thickness of 
about 3 urn. Although abnormal growth was observed a 
little on the surface, the number of abnormal growth 
so points was reduced to about 1/10 compared to a GaN 
film grown on a sapphire substrate in the same method. 

(EMBODIMENT 2) 

ss [0029] Until the step of cleaning the substrate surface 
by hydrogen, steps simitar to those of Embodiment 1 
were executed. After the surface cleaning, the substrate 
temperature was downed to 550 °C and a GaN buffer 



5 



EP0 711 853 B1 



6 



layer with 200 A in thickness was grown by adding am- 
monia gas and trimethyl gallium to the mixture gas of 
hydrogen and nitrogen, , 

[0030] .The supply of trimethyl gallium was stopped 
and the substrate temperature was raised to 1050 P C 
again under the ammonia atmosphere. Then, trimethyl 
gallium was again supplied to grow a GaN film for 60 
min. 

[0031] Any abnormal growth was not observed on the 
obtained GaN film surface, the carrier density and the 
hall mobility ol the GaN film were 300 cm^Vs and 5 x 
10 17 cm 3 , respectively. The GaN film was good in crys- 
tallinity. The carrier density and the hall mobility were 
about a half and about twice respectively, compared to 
those of a GaN film which was grown on a sapphire sub- 
strate with a GaN buffer layer in the same method. 

(EMBODIMENT 3) 

[0032] After the buffer layer of GaN was grown in the 
same manner as in the embodiment 2, the substrate 
temperature was raised to 800 °C. Then, ln^Ga, . X N was 
grown for 120 min by supplying trimethyl indium in ad- 
dition to trimethyl gallium. 

[0033] The obtained In^Ga^N film had a thickness of 
about 1 u/n and any abnormal growth was not observed 
on the surface. As a result of EPMA analysis, a mole 
fraction of In was about 1 0 % (x=0. 1 ). A full width at half- 
maximum of X-ray diffraction was about 2 min. Com- 
pared to about 10 min of an ir^Ga^N film which was 
grown on a sapphire substrate with a GaN buffer layer 
by the same method, the full width at haft -maximum of 
the obtained film was small, which indicated that the ob- 
tained film had good crystallinity. 

(EMBODIMENT 4) 

[0034] A substrate which was rinsed by an organic 
solvent in the same manner as in the embodiment 1 was 
set in a hydride VPE apparatus. A substrate and Ga ma- 
terial were heated to 600 °C and 850 °C, respectively, 
with flowing nitrogen gas. Hydrogen chloride gas diluted 
by nitrogen gas was flowed from the upstream side of 
the Ga material. At the same time, ammonia gas was 
flowed just before the substrate so as to by-pass the Ga 
material section and GaN was grown on the substrate 
for 60 min. In this case, an certain amount of hydrogen 
chloride gas was flowed together with ammonia gas so 
that crystallization of GaN on an inner wall of a reaction 
tube could be suppressed. 

[0035] The obtained GaN film had the thickness of 
about 10 nm and abnormal growth was not almost ob- 
served. A GaN film which was formed on a sapphire sub- 
strate in the same method was grown only in an island 
manner, whose surface morphology was much different 
from that of the film grown on the NdGaOg (101) sub- 
strate. 

[0036] Note that X-ray diffraction analysis showed 



that there existed a small amount of GaN with other ori- 
entations in the obtained GaN film. 

(EMBODIMENT 5) 

5 

[0037] The growth was made in the same manner as 
in the embodiment 4 except that a single crystal sub- 
strate of NdGaO a having inclination of 5 degrees from 
the (101) plane was used. 

to [0038] No abnormal growth was entirely observed in 
the surface of the obtained GaN film. Growth in another 
orientation was not also entirely observed in X-ray dif- 
fraction analysis. The obtained film was the (0001) ori- 
ented GaN epitaxial film. 

is [0039] The GaN films obtained in the above embodi- 
ments is suitable for light emitting material for fight emis- 
sion diodes (LED), semiconductor laser diodes or the 
like, of blue light with a good light emission efficiency. 
[0040] Note that the rare earth 13 (3B) group per- 

20 ovskite crystal may contain two or more rare earth ele- 
ments. 

Industrial Applicability 

25 [0041] As described above, according to the present 
invention, since there is used as a substrate the (011} 
plane or the {1 01 } plane of thermally and chemically sta- 
ble rare earth 13 (3B) group perovskite which has rela- 
tively good lattice matching to the gallium nitride related 

so semiconductor crystal, a gallium nitride related com- 
pound semiconductor device can be obtained with good 
quality suitable for light emitting material for tight emit- 
ting diodes (LED), semiconductor laser diodes (LD) or 
the like, which emit blue tight. 

35 

Claims 

1. A compound semiconductor crystal of the formula 
*o InjGayAl^.yN, wherein x 5 0, y > 0 and x + y £ 1 , 

obtainable by growing the crystal on the {011 } plane 
or the (101) plane of a 13 (3B) Group perovskite 
single crystal substrate containing one or more rare 
earth elements. 

45 

2. A compound according to claim 1 , wherein the sub- 
strate comprises at least one element selected from 
aluminium, gallium and indium as the Group 1 3 (3B) 
element. 

so 

3. A compound according to claim 1 or claim 2, where- 
in the rare earth element is Nd. 

4. A compound according to any of claims 1 to 3, 
ss wherein the semiconductor crystal is gallium nitride. 

5. A device comprising a compound according to any 
of claims 1 to 4. 
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6. A method of growing a compound semiconductor 
crystal of Ir^GayAl^.yN on a single crystal sub- 
strate, wherein x > 0, y > 0 and x + y s 1 , wherein 
the single crystal substrate is a 13 (3B) Group per- 
ovskite crystal containing one or more rare earth el- 
ements and wherein the plane of growth is the {011 } 
plane or the {101} plane. 

7. A method according to claim 6, wherein the sub- 
strate is as defined in claim 2 or claim 3. 

8. A method according to clairrj 6 or claim 7, wherein 
the semiconductor crystal is gallium nitride. 



Patentanepruche 

1 . Halbleiterkristall der Formel I^Ga^A!, .„. y N, worin x 
£ 0, y > 0 und x + y < 1 sind, erhaltlich durch Wach- 
senlassen des Kristalls an der {011}-Flache oder 
der {101}-Flache eines 13 (3B)-Gruppen-Perows- 
kit-Einkristallsubstrats, das ein oder mehrere Sel- 
tenerdmetalle enthalt. 

2. Halbleiterkristall nach Anspruch 1, dadurch ge- 
kennzeichnet, daB das Substrat ats Gruppe 13 
(3B)-Etement mindestens ein Element enthatt aus- 
gewahtt aus Aluminium, Gallium und Indium. 

3. Halbleiterkristall nach Anspruch 1 oder 2, dadurch 
gekennzeichnet, daB das Settenerdmetall Nd ist. 

4. Hatoleiterkristatl nach einem der AnsprOche 1 bis 3, 
dadurch gekennzeichnet. daB der Hatbleiterkristail 
Gaiiiumnitrid ist. 

5. Vorrichtung, die einen Halbleiterkristall nach einem 
der AnsprOche 1 bis 4 aufweist. 

6. Verfahren zum ZOchten eines In^ayA^ , X ^N-Hatb- 
leiterkristalls an einem EinkristaUsubstrat, worin x £ 
0, y > 0 und x + y £ 1 sind, wobei das EinkristaUsub- 
strat ein 1 3 (3B)-Gruppen-Pervoskitkristall ist, der 
ein oder mehrere Seltenderdmetalle enthalt, und 
wobei die Flache des Wachstums die {011}-Flache 
oder die{101)-Flacheist. 

7. Verfahren nach Anspruch 6, dadurch gekennzeich- 
net, daB das Substrat ein wie im Anspruch 2 oder 
Anspruch 3 definiertes Substrat ist. 

8. Verfahren nach Anspruch 6 oder 7, dadurch ge- 
kennzeichnet, daB der Hatbleiterkristail Gaiiiumni- 
trid ist. 



Revondlcatlons 

1 . Cristal semi-conducteur constitue par un compose 
de formule InxGayAl^.yN. dans lequel x 2 0, y > 0 
s et x+y £ 1 , pouvant 6tre obtenu par tirage du cristal 
sur ie plan {011} ou le plan {101} d'un substrat mo- 
nocristallin de perovskrte du groupe 1 3 (3B) conte- 
nant un ou plusieurs 6l6ments de terres rares. 

10 2. Compose* selon la revendication 1, dans lequel le 
substrat comprend au moms un eldment choisi par- 
mi ('aluminium, le gallium et 1'indium, comme 616- 
ment du groupe 13 (3B). 

is 3. Compose* selon rune des revendications 1 ou 2, 
dans lequel r6l6ment de terre rare est Nd. 

4. Compose* selon Tune des revendications 1 a 3, dans 
lequel le cristal semi-conducteur est du nitrure de 

20 gallium. 

5. Disposltif comprenant un compose selon Tune des 
revendications 1 a 4. 

2$ 6. Proceed de tirage cfun cristal semi-conducteur 
constitue" par un compose de formule 
IrixGayAI,.^ sur un substrat monocristallin, dans 
lequel x 2. 0, y > 0 et x+y £ 1 , dans lequel le substrat 
monocristallin est un cristal de perovskrte du groupe 

so 1 3 (3B) contenant un ou plusieurs 6 16ments de terre 
rare et dans lequel le plan de tirage est le plan (011 } 
oute plan (101). 

7. Procede* selon la revendication 6, dans lequel le 
as substrat est tel que d6fini dans la revendication 2 

ou la revendication 3. 

8. Precede* . selon la revendication 6 ou la revendica- 
tion 7, dans lequel le cristal semi-conducteur est du 

40 nitrure de gallium. 
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